Objective: To determine the prevalence and genetic diversity of hepatitis C virus in genitourinary medicine clinic attenders and to assess the extent of sexual transmission of the virus. Methods: A cross sectional, unlinked, anonymous survey in 14 genitourinary medicine clinics situated in England, Wales, and Northern Ireland. Serum specimens from genitourinary medicine clinic attenders, retained as part of the Unlinked Anonymous Prevalence Monitoring Programme (UAPMP) serum archive, were tested in small pools, for the presence of antibody to hepatitis C virus (anti-HCV). The main outcome measures were prevalence of antibodies to hepatitis C virus and identification of hepatitis C virus genotypes. Results: Testing of 17 586 specimens from 1995 showed an adjusted prevalence of anti-HCV in genitourinary medicine clinic attenders of 1.03% (95% CI: 0.89 to 1.16) overall and 0.65% (95% CI: 0.51 to 0.78) among those who did not report injecting drug use. Prevalence in injecting drug users attending genitourinary medicine clinics was 36.9% in both 1995 and 1996. Heterosexual injecting drug users had a higher prevalence of anti-HCV than homosexual/bisexual injectors. The most common hepatitis C genotypes were types 3a and 1a. There was a high degree of concordance between genotype and serotype. Conclusions: The low prevalence of anti-HCV in genitourinary medicine clinic attenders who deny injecting drugs suggests that the majority of hepatitis C infections have been acquired in adult life, mostly by injecting drug use, and that the hepatitis C virus is rarely transmitted sexually. The use of needle exchanges may explain the relatively low prevalence observed in the injecting drug users. H epatitis C virus (HCV) infection has a worldwide distribution and the main routes of transmission have been described.
H
epatitis C virus (HCV) infection has a worldwide distribution and the main routes of transmission have been described. 1 Evidence exists that sexual transmission of hepatitis C virus can occur although the extent of ongoing sexual transmission is less clear. 2 3 Studies of the sexual partners of known hepatitis C positive individuals suggests that the rate of sexual transmission is low but such studies have predominantly been performed on long term monogamous heterosexual relationships. 4 5 Other studies have suggested that multiple sexual partners, 6 sexually transmitted disease clinic attendance, 5 and prostitution 7 8 are associated with an increased risk of HCV infection.
Of the known behavioural risks associated with HCV infection, injecting drug users (IDUs) are among those at highest risk from infection. A number of studies of IDUs in Europe and the United States have found prevalences of antibodies against HCV (anti-HCV) of between 60% and 90%. 9 10 In many of the cross sectional studies undertaken, HCV infection correlated more strongly with injecting practices than with sexual behaviour. 11 Since 1990 a number of genitourinary medicine (GUM) clinics in England, Wales, and Northern Ireland have contributed to the Unlinked Anonymous Prevalence Monitoring Programme (UAPMP). 12 These surveys have been used to monitor the prevalence of human immunodeficiency virus type 1 (HIV-1) in GUM attenders by sexual orientation and injecting drug use. Anonymised unlinked serum specimens were therefore available to be tested for the presence of anti-HCV. Testing these specimens would determine the baseline prevalence in GUM clinic attenders, and thereby provide an indication of the importance of sexual transmission, and contribute to the future surveillance and control of HCV infection. This paper describes the results of testing these specimens for HCV infection.
METHODS

Serum archive
Residues remaining from syphilis serology were unlinked and anonymised using established methods and tested for the presence of anti-HIV-1 as part of the UAPMP. 13 Archived sera selected by age group and centre from non-injecting drug users at GUM clinics in 1995 were tested for anti-HCV antibodies (table 1). All specimens from GUM attenders in 1995 and 1996 who had reported injecting drug use were also tested. Seven of the 14 participating centres were from the London area. Ethical clearance for the study had been obtained from the ethics committee in each locality where the UAPMP operated.
Pooling
A pooling strategy for testing the serum specimens for anti-HCV, similar to one previously described for anti-HIV, was utilised.
14 This methodology had been used successfully to test for anti-HCV in over 40 000 antenatal specimens from the UAPMP 1996 archive. 15 The initial protocol was shown to have a sensitivity of approximately 99% when using pools of 12 specimens when compared with testing individual specimens for anti-HCV antibodies. Specimens from non-injecting GUM clinic attenders were therefore tested in pools of 12. As the prevalence of hepatitis C infection in IDUs has been shown to be high it was most efficient to test these specimens individually.
Serological testing
The pools of 12 serum specimens were tested using the Ortho HCV 3.0 enzyme linked immunosorbent assay (ELISA) test system (enhanced SAVe). Each specimen that had been incorporated in a reactive pool was subsequently tested individually by the standard (short) protocol for the Ortho HCV 3.0 ELISA test system (enhanced SAVe). Each individual serum specimen that was reactive by the Ortho assay was tested also by the Monolisa anti-HCV Plus (Sanofi Diagnostics Pasteur). Specimens with discordant results or those that were weakly reactive in either or both assays were further tested with a recombinant immunoblot assay (Ortho HCV RIBA 3). Individually tested IDUs were tested according to the Ortho standard protocol and reactive specimens were investigated as described above for the non-injecting drug users.
PCR and genotyping
Specimens from non-injectors and IDUs that were RIBA indeterminate were examined by reverse transcription-polymerase chain reaction (RT-PCR) for the presence of HCV RNA. Specimens that had discordant ELISA results but were RIBA negative were also examined by RT-PCR. Simple systematic randomisation was used to select a 12% and 50% sample by age of anti-HCV positive IDUs and non-injectors respectively for PCR analysis. RNA was extracted from PCR positive specimens using the Amplicor HCV Specimen Preparation Kit (Roche Diagnostic Systems, Welwyn Garden City, Herts, UK). The HCV 5' non-coding region (5'-NCR) was amplified by nested PCR. 16 The products of positive RT-PCRs were digested with restriction enzymes, the digests of which were analysed using the restriction fragment length polymorphism (RFLP) system to determine HCV genotype. 15 Serotyping Specimens that were investigated by PCR (both non-injectors and injectors) were also examined by serotyping. The Murex HCV Serotyping 1-6 Assay, which utilises synthetic peptides representing the variable antigenic regions derived from the NS4 gene (non-structural) of HCV, was used for the detection of antibodies to serotypes 1, 2, 3, 4, 5, and 6.
Statistical analysis
Data from all patients who attended in 1995 (regardless of their injecting history) were analysed to provide a complete profile of the clinic attenders from that year. Data from IDUs who attended in 1995 and 1996 were also analysed as a single group. For analytical purposes, all specimens that were either anti-HCV or PCR positive only were included in the overall estimates of prevalence of HCV. Initially the proportions of positive specimens were compared using a χ 2 test. Multivariable logistic regression was used to compare the prevalence of HCV by region, age, sex, country of birth, sexual orientation, injecting drug use, and HIV status. Interactions between all of the factors were also examined. Statistical significance was taken at the 5% level. To adjust for the differential sampling by age, sex, sexual orientation, and injecting drug use, the observed prevalence was applied to the original number of specimens available, enabling an estimate of the overall prevalence in the clinic population (table 1) .
RESULTS
Overall findings
A total of 17 586 specimens collected from GUM clinic attenders in 1995 were tested, and 349 were found to be HCV positive. This includes three RIBA indeterminate (one non-injector) and four RIBA negative specimens (all noninjectors) that were subsequently found to contain HCV RNA. Sixteen specimens were found to be RIBA indeterminate but PCR negative. All of these indeterminate specimens were from the London area: 10/16 (62.5%) were in the 25-34 age group and 11/16 (68.8%) were identified as IDUs. Of all survey clinic attenders, 16 965 did not report illicit injecting drug use, of whom 120 were HCV positive (table 2) . Taking into account the specimens selected for testing by age, sex, sexual orientation, and injecting drug use from the original number of specimens available from the archive gives an adjusted prevalence of 1.03% (95% CI: 0.89 to 1.16) for all GUM clinic attenders in 1995, and 0.65% (95% CI 0.51 to 0.78) for the subset of non-injectors. Among the 621 specimens from IDUs, 229 (36.9%) were HCV positive, including the two RIBA indeterminate specimens that contained HCV RNA.
The adjusted prevalence in the London area (1.44%; 95% CI 1.23 to 1.65) was three times higher than in the combined geographical area outside of London (0.49%; 95% CI 0.34 to 0.66). The overall adjusted prevalence was higher in males (1.26%; 95% CI 1.05 to 1.47) than females (0.78%; 95% CI 0.60 to 0.95). Prevalence increased with age, the highest prevalence being in those aged between 25-34 and 35-44 years in both males and females. In males, the adjusted prevalences were 1.45% and 1.90% in those aged between 25-34 and 35-44 years respectively, compared to 0.89% and 1.99% in females of the same age groups. Multivariable logistic regression analysis (table 3) demonstrated a significant variation in prevalence by age (p<0.0001). Prevalence also varied by centre and the overall variation between centres was highly significant (p<0.0001) after controlling for all other factors. The prevalence of HCV did not differ significantly by sex (p=0.71) or by country of birth (UK/abroad) (p=0.98) after controlling for all factors.
The overall prevalence of anti-HIV-1 in this study was 2.08% (365/17 586) and the overall prevalence of HCV in the anti-HIV-1 positive specimens was 6.58% (24/365). HCV prevalence did not differ significantly by HIV status (OR = 1.74, p=0.08).
HCV prevalence was lower in the homosexual/bisexual group (OR=0.55, p=0.0013) compared to heterosexuals. Further analysis of interactions showed that this effect was There was a significantly higher prevalence of HCV in injectors in the London area compared to the geographical area outside of London both in 1995 (44.0% v 20.3%; p<0.0001) and 1996 (44.3% v 22.0%; p<0.0001). Multivariable logistic regression analysis demonstrated a significant variation in prevalence by centre (p=0.041), the centre variation being largely explained by the significantly higher prevalence seen in London. The majority of infections were in males in both 1995 (65.5%; 150/229) and 1996 (69.7%; 182/261); however, this difference was not significant after controlling for all other factors (p=0.62). In the combined years prevalence increased with age to peak in those aged between 35-44 years in both males and females. In those aged under 20 years prevalence was 10.5% (8/76), compared to 17.4% (48/276) in those aged 20-24 years, 38.2% (247/646) in those aged 25-34 years, 56.6% (155/274) in 35-44 year olds, and 56.1% (32/57) in those aged 45 years and over. There was a highly significant variation in prevalence by age (p<0.0001).
Variation by sexual orientation was highly significant (p=0.0004). In those injectors identifying themselves as heterosexual prevalence was 39.9% (198/496) in 1995 compared to 39.2% (227/579) in 1996. For the homosexual and bisexual injecting drug user group prevalence was 24.8% (31/125) and 26.0% (33/127) for 1995 and 1996, respectively. After controlling for all factors there was no significant difference in prevalence by country of birth (p=0.52). Anti-HIV-1 prevalence in IDUs from both years was 4.8% (64/1329). In 1995 the prevalence of anti-HIV in HCV positive specimens was 7.9% (18/229) compared to 6.5% (17/261) in 1996.
HCV genotyping and serotyping
Specimens from IDUs from 1995 and 1996 were combined. A total of 78 specimens from both years, 59 from selected anti-HCV positive injecting drug users and 19 RIBA indeterminate injecting drug users were tested for HCV RNA by PCR. Thirty eight (64.4%) of the 59 positive specimens and four (21.1%) of the 19 indeterminate specimens were found to be PCR positive. Genotyping identified type 3a as the most prevalent genotype (42.8%) followed by genotype 1a (28.6%). The number of specimens genotyped was too small to demonstrate significant differences by age, area, or over time.
Of the overall 349 HCV positive specimens collected in 1995 (inclusive of the injectors), 175 (50.1%) were tested by PCR, of which 117 (66.9%) were found to contain HCV RNA. Genotyping of these specimens identified type 3a as the most Of the total of 610 HCV positive specimens from both years in non-injectors and injectors, 121 were serotyped of which 103 (85.1%) were from PCR positive specimens and 18 (14.9%) from PCR negative specimens. Twenty four specimens (17 PCR positive and seven PCR negative) were untypeable (table 4). By serotyping the majority were type 1 (46.6%), followed by type 3 (29.1%), type 2 (5.83%), type 4 (0.97%), and one reactive as both 1 and 3.
There was a high degree of concordance between serotype and genotype (table 4). All but one of the 48 type 1 serotypes had corresponding genotypes of 1a, 1a/1b, or 1b. The remaining type 1 serotype corresponded to a 3a genotype. All of the type 3 serotypes corresponded to either genotype 3a or 3b, serotype 2 to either 2a or 2b, and the single serotype 4 to genotype type 4. The specimen with the mixed 1 and 3 serotype genotyped as 3a only.
DISCUSSION
The overall prevalence of HCV in GUM clinic attenders in 1995 (adjusted for differential sampling by age, sex, sexual orientation, and injecting drug use) was 1.03%. The prevalence of hepatitis C was strongly related to age and to geographical area, with higher hepatitis C positivity in the London area than the rest of England and Wales. The adjusted prevalence of infection in GUM clinic attenders who did not report injecting drug use was low (0.65%) and suggests that the risk of sexual transmission of hepatitis C virus infection in the United Kingdom is low. The pattern of age specific hepatitis C prevalence rates in clinic attenders who did not report injecting resembles that for injectors. Hepatitis C positivity is also higher in the London area. As the prevalence of injecting drug use is higher in the London area, 17 this may reflect limited sexual transmission from drug users or undisclosed drug use. The risk factors for hepatitis C in UK GUM clinics differ from those for HIV, where most infection occurs in homosexual and bisexual males in London. Because of this, the number of co-infections with hepatitis C and HIV is low.
Reports of confirmed hepatitis C infection from laboratories in England and Wales suggest that the virus is not commonly acquired sexually. 18 This is supported by the low prevalence of infection in clinic attenders who did not report injecting drug use in this survey. It has been suggested that among sexually transmitted disease clinic attenders, co-infection with HIV or other sexually transmitted infections may increase the rate of sexual transmission of HCV. 6 17 This is not supported by this survey or by previous studies among females in a London GUM clinic, 20 and of female sex workers in London. 21 A study of GUM clinic attenders in Scotland found overall a low prevalence of antibody to hepatitis C virus in non-injectors, 22 but a high prevalence in clinic attenders that had injected drugs. These authors concluded that the probability of the hepatitis C virus being acquired through sexual intercourse is extremely low. A study of sexually transmitted disease clinic attenders in the United States found an overall antibody prevalence to hepatitis C virus of 7.7%. 23 Hepatitis C infection, was however, mainly associated with injecting drug use and the authors concluded that sexual transmission occurred infrequently. The rate of antibody positivity to hepatitis C virus has been reported not to exceed 1% in the spouses of hepatitis C virus infected haemophiliacs. 24 A study of couples infected with the virus also suggests that overestimation of the risk of sexual transmission masks transmission by other parenteral routes. 25 Furthermore, most evidence suggests that hepatitis C is not readily spread by sex between men. A cohort analysis of European homosexual men comparing the estimated incidence of hepatitis C, hepatitis B, and HIV suggested that sexual transmission of hepatitis C was a rare event. 26 Our study confirms the low prevalence of hepatitis C in homosexual men attending GUM clinics. The lack of overlap between the HIV and hepatitis C epidemics in the United Kingdom is also emphasised by the lower prevalence of hepatitis C in homosexual/bisexual injecting drug users than in heterosexual injectors. A higher hepatitis C prevalence was also found in heterosexual injectors in Australia compared with homosexual IDUs. 27 In the latter study, hepatitis C prevalence was also higher in opiate users than in stimulant users and the differences in UK prevalence may reflect the different pattern of drug use in homosexual men. The lower prevalence may also be due to homosexual men adopting safer injecting practices than heterosexuals because of heightened awareness of the risk of HIV.
In this study, hepatitis C prevalence was highest among clinic attenders who reported injecting drug use; 37% of attenders in both 1995 and 1996 were hepatitis C positive. The use of needle exchanges in England may explain the relatively low prevalence observed in our study, particularly in younger IDUs. Prevalence of hepatitis C in IDUs was strongly related to age, both inside and outside of the London area, as described in a previous Australian study. 27 It is likely that the increase with age reflects increased duration of drug use. A study from Spain found that duration of drug use was the only drug related variable strongly associated with anti-HCV prevalence. 28 The presence of hepatitis C was also associated with duration of injecting drug use and frequency of needle sharing in an Italian study. 29 The most common hepatitis C genotypes in GUM clinic attenders are 1a and 3a; genotype 4 was rare. Mixed infections were rarely identified with only two specimens containing a mixture of genotypes 1a and 1b. No significant differences were shown in genotypes by age and the distribution is similar to that described previously in the United Kingdom. A Total  1a  1a/1b 1b  2a  2b  3a  3b  4   1  32  2  13  0  0  1  0  0  5  53  1a n d3  0  0  0  0  0  1  0  0  0  1  2  0  0  0  4  2  0  0  0  2  8  3  0  0  0  0  0  2 9  1  0  3  3 3  4  0  0  0  0  0  0  0  1  1  2  Untypeable  0  0  3  1  2  10  0  1  7  24 T o t a l 3 2 2 1 6 5 4 4 1 1 2 1 8 1 2 1 study from the north east of England found that most of the patients genotyped were type 1 (69%) followed by genotype 3 (21%). 30 A later UK study from a number of risk groups found that the majority of hepatitis C infections were types 1a (32%), 1b (15%), and 3a (37%), 16 and genotype distribution was similar in all groups except haemophiliacs. The findings of this survey are also similar to those from a number of European countries. 31 It has been suggested that genotypes 1a and 3a were introduced into Europe by needle sharing among IDUs. 31 The consistency of the hepatitis C genotype distribution in all the specimens typed suggests the predominance of a common transmission route, most probably injecting drug use.
This study has demonstrated a high degree of correlation between genotyping and serotyping methods. Serotyping may give inaccurate results because of cross reactivity between types and false negative results because of a lack of sensitivity. 32 33 Serotyping may also be unsuitable for specimens from immunosuppressed patients as they may have insufficient antibody for detection. 32 Concordance between serotyping and genotyping, at least for types 1 to 3, however, was high in our study. It is apparent that for epidemiological purposes hepatitis C types can be established by methods based on serological typing. Advantages of serotyping include its speed, ease of use, and its ability to type anti-HCV positive/ RNA negative specimens. Serological assays are at present, however, unable to differentiate between subtypes.
It is apparent that, in the United Kingdom, injecting drug use is the main source of hepatitis C infections and that sexual transmission contributes little to the pool of infected individuals. The potential for increased transmission of hepatitis C through the sharing of injecting equipment still remains. Control of hepatitis C infection in England and Wales will therefore depend upon continuing to aim prevention programmes at IDUs.
